Designing product line is important marketing decision that affects the firm's overall performances and profitability. This is particularly important due to the fact that the contemporary markets are characterized by sophisticated and diverse preferences of consumers as well as strong competition. Therefore, to meet market demand, firms prefer to offer a product line instead of a single product. In order to decide both on the number and position of products in its product line, the company should understand the way in which consumers value and choose products. For that purpose, a multi-attribute research technique known as conjoint analysis can be used. At the same time, the company should take into account product and pricing strategy of competitors and the possible competitors' reactions on its own strategy. For modelling market competition, the concept of the Nash equilibrium appears as an appropriate tool. This paper proposes a model for designing a competitive profit-maximizing product line for a heterogeneous market. Preferences were modelled by a model of partial utilities associated with the corresponding attribute levels, while the logit model is used to transform respondents' preferences into a potential market share. The problem of optimizing the product line was formulated as a nonlinear binary programming model. Proposed model was tested on the previously published conjoint data set, thus confirming its efficiency and applicability.
INTRODUCTION
Defining the product and pricing strategies are the most critical activities for every firm. Customer wants and needs have become so diversified that the need for more customization through the development of product lines has become necessary [1] . This may lead to competitive advantage if customers recognise the difference and have a preference for the difference. It is therefore crucial to elicit the customers' preferences prior to product differentiation.
Over the past few decades, conjoint analysis has emerged as one of the techniques most commonly used to determine customer preferences for products or services. It is widely adopted in many industries, such as economics, tourism, education, health, transport, etc. [2] [3] [4] . Conjoint analysis is primarily used to understand how customers value several attributes of product/service based on their assessment of the product or service as a whole. Accordingly, it is often used to optimize products or production lines from a consumer perspective in order to increase market share and thus profit [5] [6] [7] [8] [9] .
However, to achieve competitive advantage, manufacturers also need to consider the potential reactions of competitors and the effect that this can have on the success of the product. This is especially important when one bears in mind that the introduction of new products is rather expensive, whereas the failure rate of new products is very high. Nash equilibrium is a well-known concept used for modelling and analysing competition. However, most of typical oligopoly models employ the relatively simple demand function which considers how quantity demanded varies with existing products' price, neglecting the influence of all other product attributes on market share.
This paper proposes a model for designing optimal product line design for competitive market characterized with heterogeneous customers' preferences. The proposed optimization model has the objective to maximize the overall firm's profit which depends on consumers' preferences, the costs of production and competitors' possible reactions. Actually, we upgraded a model proposed in [6] , in order to obtain more realistic results. We tested the performance of our model and conducted sensitivity analysis to confirm its efficiency and applicability.
The paper is structured as follows. An overview of the literature related to the problem of product line design optimization and problem solving approaches is given in Section 2. In Section 3, a conjoint utility function and a customer's choice model are explained and profitmaximizing product line optimization model, which considers competitive interactions and consumer preferences, is formulated. The proposed model was verified by the use of the previously published conjoint data set, thus confirming the practicality and significance of its implementation. Market equilibrium solution and results of sensitivity analysis are given in Section 4. Finally, the main conclusions are summarized in Section 5.
RELATIONSHIP TO EXISTING RESEARCH
The problem of optimal product line design has been deeply studied in literature over the past 35 years, but it still remains an interesting topic of research [1, [10] [11] [12] [13] .
There are two main courses of research, marketing and engineering. On the one hand, researchers strive for balance between the product commonality and the individual product's engineering performance [1] . On the other hand, researchers usually employ simulations or market research techniques to elicit customer preferences towards product characteristics [14] [15] [16] [17] . Considerable progress has also been made on coordinating marketing and engineering decisions [18] [19] [20] [21] [22] .
Among the earliest papers for product line optimization based on preference data from conjoint analysis was [23] . The authors modelled the product line selection problem as a binary programming problem of profit maximization. Modification of the original model and heuristics for solving the model were later proposed in [24] . In [25] , a single-stage binary programming formulation is offered to product lines selection based on product attributes and attribute levels. However, the product line design models proposed in [23, 25] do not take into account the costs associated with each of the attribute levels explicitly. Dobson and Kalish [26] suggested a mathematical programming solution for the product line design problem which considers fixed costs. Chen and Hausman [27] used a discrete choice model, but their approach is based on the assumption that customers' preferences are homogeneous, and hence cannot be used for designing product lines that meet the heterogeneous preferences of customers.
More recent contributions concerning the problem of product line designs are applications of genetic algorithms [28] [29] [30] , evolutionary algorithms [31] and particle swarm algorithms [13] to locate near-optimal designs based on conjoint data. Moreover, Kumar and Chatterjee [32] developed a greedy heuristic for solving complex model which considers simultaneous decision on pricing and product line optimization. Recently, in [7] a two-step methodology for designing production lines that optimize the degree of differentiation compared to the commonality among car models in the line is proposed.
Although a certain number of papers deal with optimization of the products or product lines under competitive conditions [33, 34] , fewer papers simultaneously consider both consumers and competition. Namely, some authors strived to include competitors' reactions into the process of product design based on conjoint data [5, 6, 35] . Even so, authors have limited their research to homogeneous markets and optimization of a single product, neglecting the fact that in the most highly competitive markets consumer preferences are heterogeneous. However, Steiner [5] examined the market with heterogeneous preferences, treating segments as separate homogeneous markets, thereby limiting the model to optimize a single product. Kuzmanovic and Martic [6] examined a homogenous market and proposed a competitive product line optimisation model based on the averaged preferences. However, averaging consumer preferences often hides the real consumers' needs and wants, causing very serious consequences with long-term negative effects. Identification of heterogeneity of preferences and their incorporation in the model gives a much more accurate and realistic basis for decision making, especially for long-term ones.
MODEL FORMULATION
The main phases of the methodological framework for designing optimal product line for heterogeneous market are shown in Fig. 1 . To specify demand function, we suggest two-phase procedure. In the first phase, the demand parameters are estimated using traditional conjoint technique.
Conjoint Utility Function and Customers' Choice Model
Conjoint experiments involve individuals asked to evaluate various experimentally designed alternatives that are described by their most important characteristics [4] .
To model respondents' preferences, a linear additive model of part-worth utilities could be used. Suppose the conjoint experiment which includes K key product attributes, each with Lk levels. That part-worth model implies that the overall utility of the product s of firm j for the respondent i can be expressed as follows:
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x jskl is a binary variable that equals 1 if product s of the j th firm contains level l of attribute k, otherwise it equals 0. ε ijs is an error term. Parameters β ikl represent respondent i's utility assigned to the level l of the attribute k. These partial utilities are estimated by regression analysis.
Figure 1 Methodological framework for designing optimal product line
Since part-worths are calculated for each respondent individually, they can be used for a segmentation based on respondents' preferences. Let us assume that S market segments, each with I s individuals are identified. Then the segment level part-worths are β skl .
Total utility for a product of the firm j in segment s can be further estimated by inserting the appropriate (segment level) part-worths into Eq. (1):
Once conjoint utility functions are determined, they should be aggregated in order to determine products market shares in the second phase. For modelling customers' choices and turning them into market share, probabilistic choice rule, i.e. logit model, is used: Technical Gazette 26, 6(2019), 1562-1569
where P js is the probability that the products of the firm j will be chosen by the respondents from the segment s (share of preferences), and μ is scaling parameter of the logit model (μ > 0) used to fine-tune the results.
Profit Function
One of the most common objectives of any rational firm is to maximize its profit. The total profit of the firm j which offers a line of S products is given by:
where p js is the price of firm j's product s; c js and fix js c are firm j 's variable and fixed unit cost of producing product s, respectively. q js is demand for the product s of the firm j on the market with total market size of Q:
Following [5, 6] we assume that the unit cost function is a linear additive model of the costs assigned to the levels of each of non-price attributes. Let us assume that the product selling price is labelled as K th attribute. Thus, if c jkl denotes the cost associated to the firm j th level l of the attribute k, the unit production costs of firm j's product s can be expressed as follows: 
Profit-Maximizing Product Line Optimization Model
Objective function that maximizes the overall profit of the firm j that offers S products is given by:
where ˆj s U is total utility of the product s of the firm j, estimated by using Eq. (2). All products in the product line contain one level of each attribute:
A rational firm will set unit selling price higher than the cost of production, thus providing a positive profit:
To ensure that the products of the firm j differ in at least α j attribute levels, the following condition should be applied:
The presence of a specific attribute level in the product configuration is given by constraint:
Additionally, if one of product attributes is the price, for example attribute K, it should be ensured that its level corresponds to the selling price of the given product p js .
In model (7)- (11) the optimal product line could be obtained through the manipulation of the attribute levels. Solution for all of the competing firms simultaneously is known as Nash equilibrium. Set of product line designs, one for each firm, is optimal (i.e. Nash equilibrium is reached) if no firm has interest to deviate from its own product line strategy unilaterally [6] .
To determine Nash equilibrium we used an iterative process of adjustment, introduced in [35, 36] and used by some other authors to determine both Nash equilibrium in simultaneous product-price game [6, 37] and Stackelberg-Nash equilibrium in sequential game [34] . In each iteration of the adjustment process, the branch and bound method was used for optimization.
AN ILLUSTRATION 4.1 Conjoint Data
The proposed model will be tested on a conjoint data set for the printer characteristics, published in [38] . Both averaged and segment level part-worth utilities of all the attribute levels are given in Tab. 1. The costs of production are hypothetical because they are not listed in [38] . 0,45 0,49 0,34 0 * Hypothetical costs, assumed to be equal for all firms ** The costs of production printers with basic characteristics (printers containing the lowest levels of ordinal non-price attributes) Fig. 2 illustrates the differences in the preferences of customers across the two segments towards five key attributes, resulting from the corresponding part-worths shown in Tab. 1.
As with most product categories, customers are pricesensitive, and they express higher utilities for lower prices. However, customers of segment 1 are more sensitive to price changes than the customers of segment 2. On the other hand, the economy of printer exploitation has the greatest impact on the choice of customers from segment 2. The least important attribute for all customers is Manufacturer.
For the given part-worths, optimal printer for both segments has the following characteristics: double-side printer with printing speed of 16 pages per minute and capability to print more than 7 000 pages, that costs 320 €.
By choosing to produce a unique printer (those with optimal characteristics) for the whole market, the firms' market shares and profits will be somewhat different precisely because of the respondents' preferences towards certain printer brands (see Tab. 2, Scenario T0). Later on it will be shown that the selection of an optimal product without considering possible competitors' reactions, can lead to a suboptimal solution. 
The Market Equilibrium
Since two segments of different preferences have been identified, we tested the model proposed in Section 3, assuming that there are at most two products in the production line. Equilibrium analysis and simulations were performed assuming that the total demand in the market is 10 000 products, of which 6 000 is demanded in segment 1, and the remaining 4 000 in segment 2.
We also assumed that products in the product line must differ in at least two attributes. This has been done to eliminate the possibility that two products of the same firm and with identical characteristics are sold at different prices, or that products of different performances are sold at the same price.
Optimization results obtained by using data from Tab. 1 and sequential adjustment procedure are shown in Tab. 3 (scenario T1). Initial feasible solution is randomly chosen, and Nash equilibrium was achieved in the third iteration. In the equilibrium, profits achieved by all of three firms are higher than those in the scenario T0 where potential reactions of competitors were neglected. The profit of firms F1, F2 and F3 amounted to 4400,95×10 3 €, 5421,95×10 3 € and 1777,10×10 3 €, respectively. For each of these firms, it is optimal to manufacture two types of printers, one for both of identified segments (product lines consists of two printers, S j1 and S j2 , where j = 1, 2, 3).The functional characteristics of both variants of the printer are the same in all three firms. What distinguishes them is precisely their manufacturer, i.e. brand.
However, the price of the printers with best performance increased compared to T0 scenario. This is in line with the assumption that differentiation provides an opportunity for firms to prevent a price cut to the lowest level.
Sensitivity Analysis
For a detailed testing of the proposed model, a sensitivity analysis was conducted. More precisely, to confirm efficiency of the model, the effects of changing the assumptions and some parameters on the results were examined. We tested the changes in the cost structure and initial solution that play a great role in shaping equilibrium.
1. The scenario where the costs of production of the printer with basic characteristics differ across competitors was simulated. The simulation results showed that changing the values of these parameters influenced neither equilibrium strategy (the product characteristics and price remained the same) nor market share, but it had influence on total profit, which was expected. The profit was higher when costs decreased and lower otherwise.
2. The scenario where the costs assigned to the attribute levels differ across competitors was simulated (Scenario T2, see Tab. 4). The costs assigned to level 2 of the attribute Speed for the firm F1 are lower, while for the firms F2 and F3 lower costs are assigned to level 3 of the attribute Max. To obtain equilibrium, we used as initial solution that equilibrium derived in case of scenario T1. This equilibrium showed to be the same as in case of scenario T2: the product and price strategies remain the same, so as the profit of firm F1, while profits of firms F2 and F3 slightly differ. Namely, the profit of firm F2 rises from 5421,95×10 3 € to 5913,43×10 3 €, and that of firm F3 rises from 1777,10×10 3 € to 1923,65×10 3 €. The reason is the decrease of attribute costs that participate in product equilibrium strategy. Profit of firm F1 is the same because the level whose cost is lower does not influence the change of firm F1's strategy, hence it does not determine optimal solution.
The next step was to change initial solution. We used randomly generated initial product configuration, and in the second iteration, different equilibrium was determined. In this equilibrium, strategies of firms F2 and F3 rest the same, while the one of firm F1 is changed. Profit of firm F1 is lower, but it is higher in firms F2 and F3; the same holds for their market shares (see Tab. 5). Hence, firm F1 should not use this equilibrium solution. Note that the profit of all three firms in case of both equilibria is higher than in scenario T0. F1  S11  1  2  3  2  1  3368,13  3772,53   18,71  21,09  S12  1  2  2  3  1  404,39  2,38   F2  S21  2  1  3  2  1  2993,88  7630,62   29,94  58,92  S22  2  2  3  3  1  4636,73  28,98   F3  S31  3  1  3  2  1  1134,93  2517,59   11,35  19,99  S32  3  2  3  3  1 1382,66 8,64 * in euros ×10 3 
3.
The assumption that firms do not necessarily have to produce different products for isolated segments (Scenario T3) was tested. We supposed that α j = 0, j = 1, 2 (see Eq. (11) ). The model was tested for different initial solutions, and we always obtained the same equilibrium at most in three iterations. The optimal solution in the case when the initial solution was the same product for both segments is given in Tab. 6. 4 . In case when firms do not necessarily have to produce different products for isolated segments, the change of costs assigned to some attribute levels was simulated (Tab. 4, Scenario T4). More precisely, the influence of costs decrease assigned to some levels of the most important attributes for firms F2 and F3 was analysed. The result got was the same product-price strategy as in case of scenario T3; the only difference is in slightly higher profit of firms F2 and F3. The reason is the cost decrease assigned to the optimal products characteristics.
Analysing the previous scenarios, the following conclusions can be summed up: -In each of the previous scenarios (where the proposed model was applied), the solution was better than in case when possible reactions of the competitors were not considered (Scenario T0).
-It is confirmed that the proposed model is efficient even in case when cost parameters are changed. The change of costs assigned to the attributes does not influence significantly the change of optimal product strategy, but it does influence the total profit. We also confirmed that optimal product profiles are far less sensitive to absolute cost levels than to the relative magnitude across cost levels. This is in line with [5, 6] .
It is showed that changing the initial configuration can, in some cases, influence the optimal solution of the proposed model, which is also in accordance with observations of some other authors [35] . Namely, depending on the initial product configuration, it is possible to obtain different solution, if there are multiple equilibria. However, even in that case, using manager's intuition, it is possible to eliminate those equilibria that are less efficient or less probable.
Suitability and Implications of the Proposed Model
We showed and proved suitability of the proposed model to design a profit-maximizing product line for heterogeneous market by simulating different scenarios. Below, a summary overview of advantages and weaknesses of our approach is given.
Advantages: -In designing an optimal product line, our approach considers both the possible reactions of the competitors and potential heterogeneity of customers' preferences. -Conjoint data (importance of the product attributes) determined in the first phase of the proposed approach, can direct managers to recognize not only the strategies appropriate for them, but also those that may be used by the competitors. -The proposed approach gives numerous useful information regarding customers' preferences and the options to simulate competitors' rational decisions in the given circumstances. -Averaging consumer preferences often masks the real needs and desires of consumers, causing very serious consequences with long-term negative effects. Identification of heterogeneity of preferences and their inclusion in the analysis using the proposed model, gives a much more accurate and realistic basis for decision making, especially for long-term ones. -The model we proposed is general and widely applicable, and it is not sensitive to the parameter changes. It can be applied to markets with a larger number of firms. The model also can be adapted to perform optimization of either the price or a subset of the selected attributes. In that case, the utilities of the remaining attributes are considered to be fixed. That can be done for each firm, whereby the number of variables need not be the same across the firms. This feature of the proposed model can be particularly important when making short-term decisions, and to conduct what-if analysis.
-To solve the model, it is possible to use some of the widely available software. In this paper, we applied Excel Solver.
-The proposed approach enables a simple application of sensitivity analysis and what-if analysis.
Weaknesses: -To apply the proposed approach, it is essential to conduct a conjoint analysis beforehand. Although this can be regarded as a disadvantage, there are several benefits and some of them are listed earlier. In practice, firms often conduct conjoint analysis to elicit customer preferences without further product optimization. Hence, applying our model to the already collected conjoint data gives a much better basis for decision-making. -There is a problem of collecting accurate data on the unit cost of product attributes. Particularly difficult is to identify the costs of competing firms. -It requires knowledge of the optimization software.
Bearing in mind the above mentioned advantages of the model, it is clear that it can help managers to determine their product-price strategy and thus business strategy as well. Moreover, the results of the model simulations provide a clearer understanding of market competition and the possible rational strategies of competitors.
CONCLUSIONS
In a highly competitive business environment, firms are focused on maximizing their market share and profits through meeting the demanding wants and needs of specific groups of customers. Therefore, it is crucial for all firms to carefully define product and pricing strategies and to distinguish their offer from the similar ones, both from the offering of competitors and firm's own product offering. This could be done through product differentiation. Through the product line, the firm can tailor its offer to meet diverse wants of individual customers and segments, thereby maximizing its own profit.
Bearing the foregoing in mind, in this paper, a competitive product line optimization model for a market with heterogeneous customers' preferences is proposed. The model is based on individual customers' preferences and cost data, but considers competitive interactions in the market.
To elicit individual customers' preferences and to identify specific market segments, research technique conjoint analysis was proposed. Conjoint analysis enables to determine product attributes that are relevant to specific customer or market segment, as well as customers' sensitivity to changes in attribute values.
Customer preferences were modelled by a linear additive model of partial utilities associated with the corresponding product characteristics, i.e. attribute levels. Customer choices are modelled by the use of logit model. The problem of product line design optimization is formulated as a nonlinear binary programming model that maximizes total profit. In order to find out solution of the model, equilibrium concept was employed. To calculate Nash's equilibrium and choose the optimal product line design, a sequential iterative adjustment procedure was used. In each iteration of this procedure, a branch and bound method was employed to solve the optimization problem.
The proposed model was tested and its performances are compared with the performances of the scenario where potential competitive reactions are neglected. Furthermore, sensitivity analysis confirmed the model efficiency and applicability in practice.
